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Composite material tubular article for sports apparatus

This new utility model involves a kind of comﬁosite material tubular article for sports apparatus,
particularly involves a kind of a composite x'naterialﬂ tubular article applied on the sports
5  apparatus, that can make the sports apparatus have good strepgth and anti-vibration effect.

Because the composite material has the characteristiés of light mass and tough quality, it is
popularly applied by the tubular article forsports apparatuses, for example rackets, middle tube
of golf and hockey, and bats. For the composite mate’ﬁal, thermoplastic and thermoset are two
kinds of composite materials mostly welcomed by factones making sports apparatuses: the
10  thermoplastic is abbreviated as TP, which is a fiber remforced thermoplastic composite material
formed, for example, by combining polyethylene, po_lyptopylene, polycarbonate or nylon with
fiber material, such as carbon fiber, glass fiber, borclln fiber, organic fiber or metal fiber; the
thermoset is abbreviated as TS, which is a fiber reinfdrced thermoset composite material that is
formed, for example, by combining unsaturated’ polyester epoxy resin or phenol - formaldehyde

15 resin with fiber material. i

As shown by the stack indicating graph of the racket: ig'ame in Figure 1, due to the thermoplastic
and the thermoset have the characteristics -of veryi difficult in fixing into one entity, the
composite material tubular article of general sports anparatuses is made of single material That
is, utilizing fiber reinforced thermoplastic or fiber reinforced thermoset as material layer 1. The
20  material layer 1 is then stacked in sequence to form integrated structure of a racket. Since
thermoplasttc is long chain configured molecular radx ,al, it generally has the property of higher
damping coefficient. For example, the most commo y used nylon 6 in the fiber reinforced
thermoplastic for example, it forms tennis racket with carbon fiber for instance, its damping

coefficient is approximately 0.004. It is known from ,t.éu: viewpoints of vibration kinetics that the

25  elimination of vibration of its composite material structure is mainly determined by the damping
coefficient of the structure. That is, while be subje:r:.\':'ed to the same external force action, the
larger the damping coefficient of the structure, the beltter anti-vibration effect of this composite
material structure. So, article made by fiber reinforced thermoplastic having higher damping
coefficient general]j( can reduce the resulted impact |and vibration while it is subjected to the

30 external force, but its structure strength is far inferior't:o article made of fiber reinforcedthermoset.
The racket frame made of this material cannot bear too high net line tension (about 60 pounds),
such that it cannot acquire better controllability when ?itting.
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In addition, for the fiber reinforced thermoset, take t.tﬁ

8 £

s
'
v

ost commonly used graphite and epoxy

resin formed bat as an example, it will form bridgi

y type macromolecular structure after a

process of heat curing formation (ﬂﬂIﬁ&@ﬁﬁﬁ)
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so the articles made of fiber reinforced

thermoset usually have better strength, can bear. hlgﬁ
the damping coefficient of the bat made from this kin!
damping coefficient of fiber reinforced thermoseét is |

and the ability of lowering the impact and the v1brart1|qn
the external force are far inferior to the fiber reinforced
the re-bounce force of the racket. It readily causes spo

Accordingly, when the fiber reinforced t.hennoplasi
alone, each have the merit and shortcoming of the
target in how to combine both to make the tubular
applicable property.

The purpose of this new utility model is to provide
for sports apparatus, which used a layer thermopl

@

net line tension (about 80 pounds) , but
Jof material is about 0.002. Therefore, the

) of that of fiber reinforced thermoplastic
produced when the structure subjected to
thermoplastic, so it let the user must bear
t injuries of “tennis elbow" for instance.

and fiber reinforced thermoset are used

material characteristics . It is factory's diligent

ticle for sports apparatus obtaining more

kind of composite material tubular article

A clhaving permeable apertures as the middle

layer, and both the upper and the lower fiber remforccd thermoset layer stack with each other.

Both the upper and the bottom fiber remforced thermoset layers can joint closely together

through the permeable apertures of the thermop
layer with high strength and vibration absorption eff

The present composite material tubular amale t'orI

, layer, thereby form composite material

3

type sports apparatus ma.mly forms a

thermoplastxc layer between the upper and lower ﬁber thermoset layers, thereby fixed to form

body with permeable aperture that made of thermop
The thermoset of the upper and lower fiber the

a material body formed from at least on
ile the thermoplastic layer is the material
ic having higher damping characteristics.

'Eoser.layer can go through the permeable

@003/017

apertures of the thermoplastic layer and joint closely with each other and can allow the
thermoplastic layer fixed inside the thermoset 1ayers The number of layers that fiber thermoset
layer and the thermoplastic layer stack together may| depend on needs and act as single layer or
multi layer form, and also may depend on thé cons deration of the needs in strength of anti-

vibration part of the composite material tubular itle. The thermoplastic layer may adopt a

stack structure in closed form or semi-open fonn, fhereby allow it having the characteristics of
thermoplastic and thermoset and making the over_alll has the advantages of high strength and
!
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good vibration absorption. ' l
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The new utility of the composite material tubular arpcle for sports apparawus is exemplified in
detail by the following embodiments and figures, whérite;ﬁn:

f
Figure 1 is a indicating graph of stack of former racket frame'
l
S  Figure 2 is an assembly cross section graph of the better embodiment of the present new utility
i 1 | i

||"

model;

Flgure 3 is a combined sketch graph of the better embchxment of the present new utility model;
) Figure 4 is an indicating graph of the closed type smak of the better embodiment of the present

‘new utility model; ¥ t

10  Figure 5 is an indicating graph of the open type betteI ié.mbodlment the present new utility model;

i
Figure 6 is the section graph along the straight lines 6|-'6 in Figure 4;

: il
Figure 7 is the section graph along the straight lines 7-7 in Figure 5;
c 14

1}

. Figure 8 is the indicating graph of racket vibration expenment of this new utxhty model ;
If

Flgure 9 is the vibration pattern determined from vtbtauon experiment of former tennis racket ;
- I

15 Fxgure 10 is the vibration pattern determined from the tennis racket vibration expenmenx of the
new utility model . ' | !

) " As shown in Figure 2 and 3, the composite matenla} tubular article of the present new utility
model is mainly applied on the pipe shaped stmctuqe of sports apparatus, which is adding one
layer of thermoplastic layer 20 in between the upperl's and lower fibrous thermoset layer 10 and

20 - 30, forming 2 composite material layer after heanlng fixation. The upper and lower fibrous
thermoset layer 10 and 30 are both material body formed by impregnating fibrous material 11
and 31 with thermoset 12 and 32, where the thermoplastlc layer 20 is the material body with
permeable aperture 20 made by thermoplastic ha.vmg hlgher damping coefficient than thermoset.
The manner of producing permeable aperture 20 1lncludes using materials such as non-woven

25 cloth or pore form fabric, film poring (B fL) confaining impregnated thermoplastic, forming
layer body with multiple pores. By adding thermoplasuc layer 20 into fibrous thermoset layer 10
and 30. The thermoset 12 and 32 of the upper _ax'ld: lower fibrous thermoset layer 10 and 30

|
oo
i
3

e N T T i ——r
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penetrate through the permeable aperture 21 of this thermoplastic layer 20 and connect closely
with each together, thereby form ntegral structure.

The above is the relating configuration and positign of each composition material of the
composite material tubular article for sports apparatus of the present new utility model. The
application technical features of the present new utlity jmodel are explained hereafter.

The present new utility model aims at tubular artiscle, which is suitable for application on
structures of the sports apparatuses that demand hlgh strength, must lower the impact and
vibration, such as rackets, middle pipe of golf, middle pipe of cricket, bat and etc. In alliance
with that is shown in Figure 3, since the present utility model adds the middle material
thermoplastic layer 20 in between the fibrous thermoset layer 10 and 30 made of fibrous material
11, 13 and thermoset 12, 32. The thermoplastic layer 20 employs thermoplastic to constitute the
material having permeable apertures on the whole S\:JL'face, so after have been BEFR1E, the
fibrous thermoset layer 10 located on the upper layer of the thermoplastic layer 20 has its
thermoset 12 penetrate through thermoplastic lay:er 20rby dint of the permeable aperture 21, and
closely connect with the thermoset 32 of lower ﬁbrof 1s thermoset layer 30 located a the lower

thermoplastic layer 20. Both of the upper and lower thermoset 12, 32 are able to connect closely
together in the form of bridging type mac.romdlecul:és and maintain its original strength after
heating. Further, the composite material layer 40 mlihdlc material applied by the present new
utility model is thermoplastic with damping coefficidnt higher than that of the thermoset, and
good effect of lowered impact and anti-vibration.

The number of layers of the upper and lower ﬂbrou: 'thermoset layer 10, 30 and thermoplastic
layer 20 of the present new utility model can make |suitable stack combination depending on
practical needs (for example: the combination;fform of TS+TP+TS+TP+TS+TP... or
TS+TS+TP+TS+TS+TP+TS+TS etc. ), so as to adju;st the strength and anti-vibration ability of
sports apparatuses. Moreover, this present new utility:model can also depends on the needs of the
anti-vibration part of the composite material tubular articular and the consideration about
strength. The stack form of the tubular article thermo'plastic layér 20 may apply closed type or
semi-open type stack structure, conjugate with what s shown in Figure 4 and 6, it is closed type
stack structure, which indicates the thermoplastic layer 20 is a whole circular layer body closed
in longitudinal direction. Its anti-vibration effect is comparable with the whole tubular article.
Further, what is shown in Figure 5, 7, is the so-callec:l. open type stack structure, which indicates
that the thermoplastic layer 20 is not a whole circular open type ring body. The longitudinal

Py
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appropriate range of thermoset 12, 32at predetermin

i

i.
|

ok
section of the thermoplastic layer 20 appears discrete
1. space. . It allows the thermoplastic layer

layer body, which collocate with with

20 to be a non-whole-circular closed layer body and can set according to the anti-vibration needs

of specific parts. 5 ;

To further demonstrate that the present new utility mo

of expected effects, a combination of five layers of ﬁb

layers of fiber reinforced thermoplastic layer 20 is ta'.
coefficient is estimated. For the composite material wit

it
ydel can reach predetermined requirements

Er reinforced thermoset layer 10 with four
king as a example, in which it's damping
th long fibers, the damping coefficient can

@oo6/017

be calculated by the following formula: |

U= (V,U,B +V,U.B,) /E, l

posite material layer 40 formed from the

wherein the U, is the damping coefficient of the cor
fiber reinforced thermoset layer 10 and the fiber reinforced thermoplastic layer 20, U, is the
damping coefficient of the thermoplastic layer 20 5{while U, is the damping coefficient of

_thermoset layer 10, V,, is volume containing rate (431 &% 2) of the thermoplastic layer 10, E,

is the elastic modulus of the composite material laye.tj’ 40 formed by combining fiber reinforced
thermoset layer 10 and thermoplastic layer 20, E, i 1 the elastic modulus of the thermoplastic
layer 20, and E, is the elastic modulus of fiber remfor ed thermoset layer 10 .

The composite material, of which the volume contammg rate Vq, is about 0.56 (S layers/9 layers),
the damping coefficient U, is known to be about 0.002, the elastic modulus E, is about 89.17175
GPa in the formula, can be regarded as a stack of fibers. The thermoplastic layer 20, of which the
volume containing rate V,; is about 0.44 (4 layers/9 lai;lyers) the damping coefficient U, is known
to be about 0.004, the elastic modulus E, is about 89. 28 GPa in the formula, can be regarded as a
stack of fibers. The values of E,, and B, differ not much, and E, from the combination of these
two also close to both values. When each E value in tll%e numerator and in the denominator in the
above formula is substituted and eliminated, the finall{damping coefficient that may be obtained
from the tennis racket made from the present utilityix'nodel is about 0.00288. For the ability in -
reducing impact and vibration, it is significantly t?ctte: than that from the fiber reinforced
thermoset, in which the damping coefficient is incréased by about 0.00088, the anti-vibration
ability is improved by about 44%, thereby reduce thel probability of sports injuries due to the use
of sports apparatuses. h

I
In order to surely demonstrate that the present new 1|1Eility model has better anti-vibration effect
i

|
|
!
I
1}
!
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and reduced anti-impact ability, a tennis racket vibratijon experiment is used to test the results.

The experiment is commented as below:

In alliance with the indications in Figure 8, the racke't vibration experiment contains: fixing the
cacket handle 51 of racket 50 in fixture 52, then unhzmg a knocking object 53 to knock the net

5 surface 54 of the racket S0, and install a acceleration de.tector 55 on the racket handle 51 to sense
the vibration wave, draw the vibration wave profile by| a computer plotter so as to determine the
size of its vibration amplitude. Below are the factors that affect the vibration experiment:

(1) Fixture 52: Fixture 52 equals to give the tennis racllciet 50 binds, the degree of tightness affects
greatly to the result of the test. In order to make the p;éripheral conditions consistent, the torsion
10  spanner is used to control the degree of tightness of fixture 52.
|

|
(2) Knocking abject 53: In order to make the test resembling to the actual circumstance, a tennis
ball is used as the knocking object. It is placed atla ﬁ)'( height and allowed free falling and knock

on the tennis racket 50. |

(3) The acceleration detector 55: The size of the accéieration detector 55 influences acceptation
15  of sensibility. In this experiment, smaller typed SALO-N isensor is used in the test.

The present experiment uses a same force to test th%, former tennis racket (the fiber reinforced
thermoset) and the tennis racket of this new utility model, and record a vibration profile thereof.
Larger the excited vibration (maximum vibration: amplitude) of the vibration profile, higher the
impact subjected to the user, and it most readily |produces sports injuries. For those with longer

20 remaining vibration time (the vibration amplitude after the excited vibration), the effect of their
anti-vibration is not good, which make users subjm. ted to vibration for a longer time, readily
make the user aching and torpor in limbs. For the teft result of the vibration profile of former
tennis rackets is shown in Figure 9, while that| of t:llle present new utility model is shown in
Figure 10. The test results can be summed up as tielm?'(:

25  (1)Vibrate amplitude: It is clearly seen from the test! Irpattem that the vibration amplitude of the
former tennis racket is 103 mV, which is about 1|5 folds of the 67 mV of the tennis racket of the
present new utility model. Hence, the present new utlity model is better than the former tennis
rackets in the ability of avoiding impact. '

i
(2)Vibrate attenuation: It is seen from the test pattern that the time required for the vibration of

30 the former tennis racket to be decayed to half is about|87.6 milliseconds, while that of the present

|
|
6 |
|
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I
new utility model is about 22 4 milliseconds. The valu of the former tennis racket is 4.0 times of
that of the present new utility model. Therefore, thie tesinis racket made of the present new utility
model is better than the former tennis racket in the iability of avoiding vibration.

It can be distinguished from the tested expeximentz.l data that the tennis racket of the present new
5  utility model is better than the former tennis racke.t no [matter at the ability of avoiding impact or
vibration. Accordingly, present new utility model is more efficient than the former tennis racket

in prevention of the occurrence of sporsts mjunes.

In summary,the present new utility of composxte material tubular article for sports apparatus
- applying thermoplastic layer having permeable apertures makes the peculiar binding technique
) 10 of connecting the upper and lower thermosét la lers y the permeable apertures can make the
thermoset and the thermoplastic closely Jomt together The composnte material made from
thereof can have the advantages of both material, i.ebigh strength, ability of reducing impact
and good anti-vibration effect. ' -
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A composite material tubular article foy spcla:rts apparatus, having upper and lower

thermosetting plastic layer, characterized in

There has a layer of thermoplastics layér in
thermosetting plastic layer; o

The thermosetting plastic layer is a material
fibrous material impregnated with thermoset,
body with permeable apertures made '
coefficient;

tl:mt:

between the upper and lower layers of

body formed from at least one layer of
and the thermoplastic layer is a material

of thermoplastic layer having high damping

The upper and lower thermoset layers - I:omnect closely with each other through the

permeable apertures of the thermoplastic Ialyer

]
The composite material tubular article’: or

characterized in that the thermoplastic layer

longitudinal section in whole circular forﬁ:l. .

Isports apparatus according to Claim 1,
is a closed type layer body having a

The composite material tubular article 'for Isports apparatus according to Claim 1,
characterized in that the thermoplastic layer 1s a layer body that is discrete in longitudinal
section, and it collocates with fibrous thermoset at predetermined space, wherein the

thermoplastic layer is not a whole circle cIosed
I

The composite material tubular amf:le for
characterized in that the thermoplastic layer

layer body.

sports apparatus according to Claim 1,
uses non-woven cloth or pore form fabric,

film pore material mpregnated with thermoplastics forming layer body with multiple

pores. I
I
I

@009/017
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Abstract

L o I T T o e T~ A prep oy mmeerrapra

A composite material tubular article, which use,s mber impregnated with thermoset to make
thermoset layer and uses thermoplastic layer lthlg permeable apertures to make a layer of
thermoplastic layer. The thermoplastic layer is s’an wiched between upper and lower layers of
thermoset layers, and the thermoset resin of the mpper and lower fibrous thermoset are closely
connected with each other by the help of permedble apertures thereon, thereby it forms a
composite material with high strength, ability of reducing impact and strong anti-vibration effect.
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Figure 7
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